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May 2, 1893. 
Sir W. 1%. FLOWER, K C.B., LLD., F.R.S., President, in the 

Chair. 

The Recrelary read the following report on the additions to the 
Society’s Menagerie during the nionth of April 1893 :- 

The total number of registered additions to  the Bociety’s Menn- 
gerie during the month of April ~ a 5  130, of which 58 were by 
presentation, 18 by birth, 24 by purchase, 18 \sere received in 
exchange, and 12 on deposit. The total nnmber of departures 
during the wi le  period, by death and removals, was 99. 

Amongst these special attention may be called to :- 
1. A young male Orang (Simicc s a t y r ~ )  brought home froiu 

Singapore, and presented April 19th by Thomas Workman, Esq., 
of Belfmt and Singapore. 

2. A White-bellied Hedgehog (Erimceus albiuenter), from Somali- 
land, presented by 13. W. Seton-Kerr, Esq., F.Z.S., April 24th. 
This species is new to the Collection. 

3. A female Gibbon, brought home from North Borneo, and 
presented by Leicester P. Beaufort, Esq., April 25th. This Gibbon 
is generally of a dark ashy colonr with a black patch on the crown, 
and blackish on the lower surface a d  inner sides of the limbs. 1 
am inclined to refer it to one of the barieties of Ifylobutes nauelleri, 
Martin. It has been placed along o i th  the male Hainan Giblmi 
(gylobntes T~ainanus), receired Nov. lst,  1592 (see P. Z ,  S. 1892, 
p. 541), and they agree \Tell together. 

Mr. Sclater called attention to  the protrusion of n fleshy mass 
from the cloaca occasionally exhibited by tbe Greater Vasa Parrot 
(Co~oracopsis vasa), as recorded by him, P. 8. S. 1884, pp. 410, 562 ; 
and stated that, owing to  the kindness of the Hon. Henry 8. 
Littleton, of 22 Rutland Gate, he had himself lately had an 
opportunity of observing another case of this curious phenomenon. 

A bird of this species, for several years in that gentleman‘s 
possession, was stated to  be in the habit of exhibiting this appear- 
ance every spring, and did so for some time in Mr. Sclater’s 
presence on the 28th ult. Mr. Bclater wa8 able to make a careful 
examination of the bird, aiid had convinced himself that the 
strange appearance was caused by the protrusiou of the innor 
membrane of the lower portion of the cloaca, which was abnormally 
swollen at this time of year, and could be protruded and withdrawn 
a t  the will of the bird. Mr. Sclater was able to effect its partial 
protrusion after withdrawal by pressure on the cloaca. He had 
no doubt the bird was a female, as in the other cases previously 
observed. The extraordinary point was that no exactly similar 
phenomenon was known to occur in any other species of bird. 

-- 
Mr. Sclater laid on the table the following List of the dates o€ 

the receipt from the printers of the sheets of the Society’s ‘ Pro- 
ceedings ’ from 1831 to 1 859 inclusive, which had been clrawn up  
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from the records kept by Messrs. Taylor aud Frailcis, the Society's 
printers. Several applications had beni inade to  ascertain these 
dates, and it was now proposed to  publish the liut in the Society's 
' Proceedings ' for future reference. 
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The following papers were read :- 

1. Additional Notes on the  Monkeys of the  Genus Cercopi- 
thecus. By P. L. SCLATER, M.A., Ph.D., F.R.S., 
Secretary to the Society. 

[Received April 26, 18‘33.1 

(Plate XXXIII.) 

Since I comtnunicated to  the Society my list of the species of 
Cercopithecus, at our meeting on March 14th (see above, p. 243), I 
have paid a visit to the Zoological Museum a t  Florence, under the 
care of Prof. Giglioli, and have had an opportunity of seeing 
specimens of Cercopithecus boutourlinii (see above, p. 256) belonging 
to that Institution,-one of the species of which I had not pre- 
viously been able to examine examples. Prof. Giglioli has lately 
been persuaded by his friends to reuuite this species to  C. aZbo- 
yularis, Sykes’ ; but after examining the typical specimen and 
another one subsequeutly receiyed, I have come to the conclusion 
that C. boutoudinii is quite distinct from C. alboyuka?-&. 

The original specimen of C. boutourliidi was a female, receired 
from Dr. Traversi in 1887, and stated to  have been obtained in 
Kaffa (a prolince of Abyssinia to the south of Shoa) in 1385. 
It is in very imperfect condition, as will be seen ou inspection of 
the photographs which I now exhibit. 

The second specimen is a male, obtained by Dr. Traversi a t  
Abugifar in Gimmaa in 1887 and received at Florence in 1889. 
From these specimens I have drawn up the following description 
of this species. 

CERCOPITHECUS BOUTOURLINII. 

Cercopithecw boutourlinii, Gigl. Zoo]. Anz. 1887, p. 509 ; Scl. 
P.Z. S. 1893, p. 256. 

Cercopithecus cclbigulari.~, Gigl. Ann. Mus. Cir. Genov. ser. 2, 
vol. vi. p. 8 (err.). 

8 .  Body-hairs long and rough ; upper surface black, with p d e  
fulvous annellations, except on a line between the shoulders which 
is nearly black; ears nearly nude, with an inner hairy pencil ; 
nose, upper lip, chin, and throat white; rest of under surface and 
limbs and tail black, except the base of the tail, which has mnel- 
lated hairs like the back all round. Total length of body about 21 
inches, tail 24 inches, together 45 inches. 

9 .  Smaller, nearly similar, but less annellated on the back and 
the head. 

Hab. Southern Abyssinia, Province of Kaffa. 
This species, no doubt, resembles C. albnyularis, and may be 
* See ‘ I  Vertebrati dello Scion,” in Ann. Mus. Civ. Genovn, ser. 2, vol. vi. p. 8. 

Gimma is in Central Abyssinia to the south of the Provinoe of Gojan, 
between latitudes 9’ and 10’. 
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referred to the same group, but is easily distinguished from it by 
several characters. I n  the first place the pure white nose and 
upper lips, which are very noticeable in the male specimen last 
received (see figure), separate it at  once from C. albogularis, in 
which, as will be seen by the skin now exhibited, there is no 

C'ercopithecus L o ~ t o n ~ r ~ l i w i i ,  froiii a photograph of the stuffed specimen 
received in 1889. 

trace whatever of this colour. This feature is so prominent 
that it would almost justify the removal of the species to the 
" Spot-nosed'' group of my arrangement (see above p. 244). But 
in most respects C. boutourlinii agrees better with C. albogularis 
and the other species of my section D, MELANOCHIRI. 

Another point in which C. boutourlinii differs from C. albogv. 
la& is the black belly and much blacker limbs. In  C. alboplaris 
the belly is pale grey, and the external surface of the limbs is of a 
dark grey, more or less tmnellated. Again, C. aZFogu2aris is 8 short- 
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and smooth-haired species, but C. boutourlinii is long- and rough- 
haired, which indicates existence in a much colder climate. 

Another Monkey in the Florence Museum which attracted my 
attention was a stuffed specimen of Cercopithecus bl-azza, Milne- 
Edwards, labelled “ 9 Congo, 1888,” the gift of Count G. Brazza- 
Savorgnan. Monsieur Milne-Edwards has also kindly forwarded 
to me from Paris a flat skin of another individual of the same 
species which I now exhibit. As no full description of this 
remarkable Monkey has yet been published, the following descrip- 
tion taken froin these specimens may be useful :- 

CERCOPITHECUS BRAZZZ. (Plate XXXIII.) 
Cercopithecus brcizza, Milne-Edwards, Rev. Sc. s6r. 3, xii. p. 15 

(1886); 8cl. P. Z.S. 1893, p. 255. 
Above pale fulvous, densely annellated with black ; frontal band 

of dense erect hairs chestnut, with slight white tips; this is 
bordered behind by a broad black band which extends between the 
ears ; ears naked or nearly so ;  upper part of nose and narrow 
line above the eyes. in front of the rufous band, black j lower nose 
awl upper lips white ; chin and throat furnished with long whit 
hairs, which are tnuch elongated in the middle line and form n 
long white beard ; belly like the back, but darker j hands and feet 
black j inner side of thighs, anus, and a line along the middle of the 
thighs outside, white j toil black, except just at the base, where it 
is like the back. 

Hab. French Congo-land. 
The erect frontal band, which is very prominent, and the long 

white beard, which is not so pointed as in C. dinnu and extends 
some uay down the middle of the throat, render this species of 
Cercopithecus very remarkable. The white baud wliich extends 
from the anus across the haunches on each side and down the 
outside of the thighs somewhat resembles that found in C. tliana. 

There can be no doubt that C. brazza is a close ally of C. no:/- 
leetus, and it is even possible that the two species may be the same. 
But on comparing the present skin of C. brazzct! with the flat and 
imperfect skin of C. neylectus in the British Museum, I find the 
general colour of C. vwqkctus much more brownish, and the band 
on the hind legs across the haunches yellowish instead of white. 
The front pnrt of the face-slriu of the specimen of C. ?aq:ylectus 
having been cut awav, it is impossible to say nhether it ever 
possessed the erect red f’runtal band of C. brazza, but there are some 
indications of the band left on the skin. I n  other respects the two 
skins are much alike, and had they been from the same locality 1 
should have been inclined to refer them t o  the same species. 

I have also to announce that we have lately lost our unique living 
specimen of Cercopithecus stairsi (P. Z. S. 1892, p. 580). I now 
exhibit its skin, which it is proposed to transfer to the Naticnal 
Collection. The figure and description already given are sufficieiit 
for the recognition of this remarkable species, which, as previously 

Length of body 21 inches, tail 22 inches. 
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stated, is a t  once recognizable by the bright chestnut bands, which 
coniinencc on each side of the forehead and are carried over the 
head behind the ears. I may also reinark that the lower part of 
the back aud upper surface of the tail are stained with red, which 
is not shown in my origiiial figure of this Monkey (P. 8. S. 1892, 
1'1. xl.). 

2. On a Stag, Cervus thoroldi, from Tibet, and on  the  Mam- 
By W. T. BLANFORD, mals of the  Tibetan Plateau. 

F.R.S., V.P.Z.S. 
[Received May 2, 1893.1 

(Plate SXXIV.) 

I n  the course of Captain Bower and Dr. W. G. Thorold's 
adventurous journey across the Tibetan plateau from west to east, 
two specimens of a Stag were shot by the latter a t  a spot about 
200 wiles N.E. of Lhassa'. These animals were killed in the snow 
amongst brushwood just above the forest, a t  an elevation of about 
13,500 feet above the sea. Of one individual a complete skin, 
skull, and horns have been brought to England, and are now in 
the Natural History Museum ; of the ot,her, the head with the skin 
and horns has been preserved and has been left by Dr. Thorold 
in London, so that I have been able to examine both. 

Last February I received a letter from Yr. Tborold in which he 
asked me to look at the specimens aud let him linow to what 
species I thought they belonged. Some time before this I had 
heard from Mr. Oldfield Thowas that the complete specimen had 
been receiwd by the Museum hut had been sent away to be stuffed. 
I, however, saw the head, which had been mounted, and akhough I 
did not like to come to any decided conclusion without having m i  
opportunity of seeing the skin also, I was disposed to believe that 
the Deer was probably the same as t'hat to  an inmatiire horn of 
which the name of Cervus nariyunus was given by Hodgson in 1851, 
and was clearly identical with the species of which the head wits 
described and figured by M-r. W. L. Sclater in 1889 (J. A. S. B. 
lviii. pt. 2,  p. 186, pl. xi.), and which was shown to be allied to the 
Mant,churian C. dybowskii. 

For the last two months the skin has been in the hands of the 
taxidermists, but I have at length, by permission of Dr. Giinther, 
been able to examine it ; and 1 have now no hesitation in saying 
that 1 believe the Stag obtained by Dr. Thorold must be regarded 
as an additional peculiar species of the extraordinarily specialized 
mammaliau fauna inhabiting the Tibetan plateau. The following 
are the principal characters :- 

The 

The approxi- 

The animal is about the size of a Red Deer, C. ekphus. 

I ain indebted to Captain Bower for several of the details. 
mate position is in lat. Y l o  40'N., and long. 93' 30' E. 
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height a t  the shoulder must have been about 4 feet, that measure- 
ment on the body over the curves to the withers having been re- 
cordedbgDr.Thoroldas 4 ft. 5 in., and the lengih from the insertion 
of t,he tail to the rose 6 ft. I$ in. The tail (with hair probably) 
measured only 4 inches. The ems are of moderate size and pointed, 
and measure outside in the mounted skin 98 inches from the 
head. 

Head of Cervzts thoroldi. 

The horns are distinguished a t  once by the want of the bez tine 
characteristic of the Elapbine group and found in the other Tibetan 
Stag C. aflnis. There are five points on each horn (except one, 
which has only 4), and there can be very little doubt that this is 
the number chai*acteristic of the adult. The beam is mgularly 
bent at the insertion of the second tine (corresponding in position 
to the tres tine of C. e lnphs ) ,  and above this is gradually curved 
back and presents the peculiarity that the upper four points and 
the upper part; of the beam are nearly in a fiat plane. Another 
conspicuous character is that (except in one horn which is slightly 
abnormal) the third tine exceeds all the others in length. The 
correspondiug tine (4th) is generally the longest in the Wapiti, 
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and tlie upper part of each horn in the present animal much re- 
sembles that of C. canadensis in shape. 

Each horn measures round the curve outside 38 inches, none of 
the four differing more than a quarter of an inch more or less. 
The girth above the burr is 5.25. The following are the measure- 
ments of the different tines on one horn in inches :- 

Lowest or brow tine . . . .  '7.5 
2nd (=tres) ............ 10.25 
3rd . . . . . . . . . . . . . . . . . .  11 
4th . . . . . . . . . . . . . . . . . .  4 
5th .................. 2.5 

The coloration of the skin is very uniform brown, minutely 
speckled, scarcely paler on the lower parts, but much paler and 
ochreous buff on the small pygd disk which completely surrounds 
the tail, this latter being also pale rufous throughout. Ear whitish 
within. The muzzle, chin, and under surface of lower jaw whit,e. 
The hairs of tlie body are stiff, long, and very coarse, and some- 
what resemble those of the Musk-deer, being filled inside with a 
cellular pit,h-like tissue and having very small roots '. The hair of 
the body is long, dark brown, except a t  the base which is whitish, 
and a t  the tips which are buff. The pale tips are wanting around 
the caudal disk, so that t'he latter appears to be surrounded by a 
dark band. The hair along the spine is directed forward from 
above the hips as far as the wither, where the anterior direction 
ceases abruptly. This character is quite peculiar. 

The muffle or rhiiiarium occupies t,he whole area between the 
nostrils, and a rather narrower portion extends to the upper lip. 

The skull presents a few peculiar characters, the most important 
of which hare been already noticed by Mr. pi. L. Sclater. 4 s  
whole the skull is short when compared with other skulls of Ela- 
phine Deer ; the muzzle is especially short, but broad. The hinder 
pirrt of the skull is distinctly lower and flatter than that of C. 
elaplius, the forehead continuing the line formed by the nasals and 
not curving upwards into a ridge between the horns. In this 
respect the present specimen shows some resemblance to Rusine 
and Pseudaxine skulls, but the evidence of affinity is sinall. The 
termination of the bony p l a t e  in the middle above the opening 
of the posterior nares is between the last molars, whereas in all 
other Deer of which I have examined the skull the opening is 
fart,her back. 

But by far the most peculiar character, as already noticed by 
Mr. Sclater, is the form of the nasals. These, a little way from 
the posterior t e rmid ion ,  are fully twice as broad as they are in 
front,, each bearing on the outer side a large rounded lobe-like 
expansion, so as to cover over the greater part of the lachrymal 
vacuity, which is much narrower than in Elaphine or Rusine deer. 

Inm indebted to Mr. E. Qerrard for calling my attention to the very 
peculiar structure of the hair. 
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The following are measurements in inches :- 
Basal length of skull, from anterior border of foramen 

magnum to anterior end of premaxillaries . . . . . . . .  13.4 
Length from posterior border of occipital condyles 

to ditto .................................... 14.3 
Breadth across posterior edges of orbits . . . . . . . . . . . .  6% 
Breadth across premaxillaries just above eauines . . . .  2.9 
Length of nasal bones .......................... 5.85 
Greatest breadth of nasals between lachrymal 

vacuities.. .................................. 3.0 
Breadth of nasals in front a t  suture between maxil- 

lary and premaxillary ........................ 1.45 
Length of row of upper molars and preinolars . . . . . .  4.3 
Length of upper three molars alone . . . . . . . . . . . . . .  2.6 

On the whole I can see no very close affinity between this and 
any known species of Cervus j the present species approaches some 
forms of the Elaphine group quite as much as auy other Cervine 
type, perhaps more. I can see no evidence of Pseudaxine affinity, 
such as the horns might perhaps suggest. On the whole the 
species is probably as near to C. cashniiricinus and C. aflnis as to 
any other, though per€ectly distinct from both. 

As regmds the name of the present species, some little difficulty 
arises. As already mentioned, it is most probible t h a t  the horn 
to which the name Cervus oznriyanus was given by Hodgson (J. A. 
S. B. xx. 1851, p. 292, pl. viii.) belonged to a younger individual 
of the same species. This horn was said to have been brought 
from Ladik, it  was 34 inches in length, and had four points, the 
two lower being more than 4 inches apart, so there was no bez tine. 
Judging by the figure‘, the horn m7ns more massive than would be 
expected in a young specimen of Thorold’s Stag. Mr. Hodgson 
remarked that “ the Bhotiahs who brought this horn say it be- 
longed to a very young animal, and that the species, which is proper 
to  Gniri or Western Tibet, is larger than the Shou” (C. u$nis). 
The Stag obtained by Dr. Thorold is considerably smaller than 
the Shou ; there is, so far as is known, no Stag in Western Tibet, 
C. cashmirianus being limited to the Kashmir valley, a t  all events 
ou the north and east of its range, and, as is well known, young 
examples of C. elaphus, and I believe of the Wapiti also, frequently 
want the bez tine; so that it is by no means impossible that the 
Ladik horn may have belonged to  a young C. cashrnirinlzus from 
Kashmir, t o  C. yarkandeiisis from Eastern Turkestan, or even to C. 
eustephanus (C. canadensis, var.) from the Thian Shan, Ladik being 
connected with all these regions by trade routes. The Bhotiah 
story was probably pure fiction. 

There is, moreover, one very strong reason for not using the name 

1 The original specimen cannot be found in the British Museum, tliough 
Mr. Oldfield Thomas has searched for it. As no mention of i t  is to be found in 
the published catalogue of Mr. Hodgson’s collections, it was perhaps nnt included 
in them. 
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C". nariyanus for the present animal even if, as is highly probable, 
it was the species that furnished the born described and figured 
by Hodgson. The name was taken from NBri, the Western (or 
rather perhaps the South-western) province of Tibet, often called 
Gniri or Niri-Khorsum, a tract, a8 represented on maps, of no 
great breadth from north to south, but extending along the north 
of the Himalayas from the western extremity of Tibet proper near 
Xudok to between long. 80" and 85" E. This region, part of whicli 
is known as Hundes, is on the frontier of our own territory-, and has 
been visited at several points by British sportsmen. If any Stag 
inhabited the region, it is incredible that nothing should have been 
heard of it ; moreover, the whole of the upper valleys of the Sutlej 
and Yirotsdnpo or Brahmaputra, of which the area consists, is a 
barren, treeless, almost bushless waste, differing essentially from 
the country inhabited, so far as is known, by any species of Cervus. 
I think it extremely improbable that any Stag inhabits Ni r i  j and 
under these circumstances it is not desirable to apply the name 
nariyanus to a species which does not owur there. 

Whilst Mr. Sclater pointed out the similarity of the head which 
had been purchased in the Darjiling bazaar, and was described by 
him, to that of C'urvus clyhowskii, he was careful to avoid identi- 
fying the two. I t  is clear that he was perfectly right in sup- 
posing that the head, the skin of which was dried on, had come 
from Tibet. Now that we have the whole skin and dimensions, 
it is evident that the species is distinct from C. dyboioskii (I?. Z. S .  
1876, p. 123, woodcut of head and horns, p. 124), which is a much 
smaller form, spotted at all seasons, although the spots in winter 
are described as indistiuct and confined to  the posterior part of t h e  
body. So far as is known the horns in the adult of C. dybowskii 
only bear 4 points each, and the shape of the beam is different, 
being more regularly curved. 

As therefore the Tibetan species requires a name, I think i t  
impossible to  do better than to call it Cervus thoroldi, after its 
discoverer. The following are the principal characters :- 

Cervtts magnitudine ad C. elaphum p*osime accedms ; fuscus, 
irnmaculatus, ured pyyali circum caudarn porrectd pellide rufd 
ornatus ; pilis hirtb crassis longiusculis, in, m e d z o  dorso cib 
uropygio usque ad hztmeros antice versis, indutus ; cornihus 
singulis valtle curvatis, rumos ad quivaque grrentibus ; ram0 
secundo a prinio vel basctli rnulto distaxtc, tertio lonyiuseulo. 

Plate XXXIV. represents the stuffed specimen in the British 
hluseum, the type of the species; the cut (p. 445) is taken from 
the head of the other specimen, still belonging to Dr. Thorold. 

-- 
About a year ago, when discussing the geological age of the 

Central Asiatic highlands', I had occasion to call attention to the 
remarkable specialization of the mammalian fauna inhabiting the 
Tibetan plateau. The Stag now described adds another to the 

1 Geological Magazine, April 1892, (iii.) ix. p. 164. 
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species peculiar to this tract of elevated country, and the list of 
these Mammals as amended may be of interest to Zoologists. It 
is therefore added here. 

MAMMALIA OF THI TIBETAX PLATEAU. 
INSECTIVOR.4. RODENTI A-continued. 

Crociclum o,ranea. 
tNectogale eleguns. 

CARNITORA. 
Felis manul. 
F. lynx. 
F. uncia. 

Canis l,upus, var. laniger. 
Vulpes ahper, var. Javescens. 

C on deccancnsis, var. 9 usteiu foina, var. 

*Paradoxzarus laniger. 

* V.  ferrilatns. 

*Putorius Earvatus. 
*P. cuaigula. 
P. alpinus, var. temon. 
P .  erminia. 

*Meles leucura. 
*M. alboyularis '? 
tBluropus melanoleuczm 
i t  Ursus pruinosus. 

RODENTIA. 
iEzipetauru.9 cinereus. 
*Arctom?/s hinzalayanns. 
*A. robustw. 

*Mas sublimis. 
*Mimotus (Arvicola) blythi. 
*M. strauchi. 
*M. ( Eremwmys) przevalskii. 

Siphi~e2isfontaikieri. 
*Lagomys curzonim. 

*L. erythrotis. 
* L. melanostomus. 
*L. ladacensis. 

wL. hypsihius. 

*A. rdid'iCS. 

* Lepus oiostoltas. 

U N G U L A T A .  

Equus hentionus, Bar. kiang. 
* B O S  gIYL?k%iC1ES. 
*Ovis hodgsoni. 
0. vignei, var. 
0. nahura. 
Cuprn sihiricu. 

+Pantholops hodgsona. 
tBcadoreas taxicolor ? 
* Gazella picticaudata. 
~ C e r v u s  afinis. 
+C. thoroldi. 
Mosehiis moschifewis. 

I n  this list * signifies a peculiar species, t a peculiar genus ; that 
is, a species or genus not known to exist out of Tibet. 

This is a list of the mammals known to inhabit the plateau 
north of the Himalayas and south of the Kuenlun, Altyn Tag, and 
Nanshan, at elevations exceeding 12,000 feet. Many of the forms 
named only inhabit small portions of the area, and whilst Bos 
grunniens, Ovis hodysoni, Pantholops hodysoni, and Gazella picti- 
cctudwta, with several rodents, appear to be peculiar to the high 
plateaus above 14,000 feet, the two species of Cervus are probably 
found in brushwood at a rather lower elevation in the more broken 
regions of Eastern Tibet, where the rainfall is heavier and the 
vegetation more abundant. 

As was pointed out in the paper in the Geological Magazine,' 
there is, so far as I am aware, no eqnally peculiar mammalian fauna 
to be found in any continental area of equal extent, and for a 
parallel it is necessary to turn to some island like Celebes, that 
has long been isolated from all surrounding lands. 
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Early in 1892 I had placed at  my disposal, through the kindness 
of Prof. Howes, B number of fetal  mammals of various kinds, 
which were for  the most part derived from the late Prof. W. I(. 
Parker’s collection. I have been for some time past investigating 
these specimens and now submit a few of my results in this 
contribution. 

 HISTORICAL REVIEW. ~ 

Since Kiikenthal (4) published his preliminary observations 
on the development of the teeth of the Cetacea and of Biclelphys, 
an entire revision of the science of Odontology has been necessi- 
tated. This has been taken up eagerly by many Continental 
observers, notably Leche, Hose, and Taecher, SO that notwithstand- 
ing the newness of the study there is already springing up a rapidly 
increasing literature. 

Most, however, of these observers have confined their attention 
to a few isolated examples, and no systematic examination and 
comparison of the tooth relationships in the various orders of 
Mammals, such as that commenced by Pouchet and Chabrys (9), 
has been attempted. 

I n  dealing with the Marsupials these observers have mainly 
studied the tooth relationships of DideZphys, Kiikenthal (5) and 
Rose (9) having made most exhaustive investigations of thie genus. 

Rose has further published some interesting but largely theo- 
retical views of the tooth development in Acvobntes, Dasyumg, 
Phalangistn, and Macropus ; while Leche (6) has published pre- 
liminary accounts of that of Phasco~nrctos, Perameles, Mymnecobiw, 
and Trichosurus. 

The only investigation which treats of the facts dealt with in 
this paper is that of Rose (9) on Mucropus; he, however, only 
devotes a few lines to his observations, which were based on 
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specimens in which the teeth were already cutting the gum and 
far too old, taken alone, to determine the true tooth relationships. 
H i s  principal conclusion is tha t  the 3rd incisor, on account of its 
lateness in cutting the gum, must belong to the 2nd dentition; 
this, as I shall show later, is quite erroneous. 

II.-OBSERTATIONS ON THE SP~~UIMENS. 
Having a very fine series of Macropid embryos at  my disposal, 

some from Prof. Parker’s collection and others received through 
the kindness of Mr: Fletcher of Sydney and Dr. Symington of 
Edinburgh, I propose to  commence my tooth studies with that 
group, as being one of which I can give the most complete 
account. 

The following forms have been investigated :- 
Macropzds gigantew, 9 specimens. 

,, bennettii, 1 specimen. 
,, eugenii, 2 specimens. 
,, brachyurus, 2 specimens. 

Petrogab penicillatn ?, 6 specimens. 
,, sp. inc., 2 epecimens. 

Bettongia ltxueuri, 1 specimen. 
A p y p r y m n w  rwfescens, 2 specimens. 

Unfortunately, in the case of the Petrogales I am somewhat 
uncertain about the species, as the embryos collected by Mr. 
Fletcher of Sydney seem accofding to his accouut to be P. 
penicillatn, while the same name was given me by Dr. Symington 
for his specimen j nevertheless, I have no hesitation in saying that 
they are two distinct species, both, however, being Rock-Wallabies. 
As a rule, the exact species would not perhaps matter very much, 
but in this case it is a very vital matter, as the P.pmicilEata of 
Mr. Fletcher was the most interesting and least specialized of all 
Macropids with regard to its tooth arrangement, so much so that 
I shall commence my observations on that form. 

Before proceeding to the detail observations, I should wish to 
enforce the importance of Prof. Huxiey’s method of observation 
by dissection under clove-oil, given in my previous paper (P. Z. 8. 
1892, p. 40). This method, employed side by side with examination 
by means of serial sections, I hold to be very important and assists 
one materially in interpreting the latter, although taken alone it may 
be very misleading. One may simply clarify and sketch the jaw 
before decalcifying and sectioning, and in this way gain a good idea 
as to what teeth, especially vestigial ones, are present. Or, better 
still, where one can afford to utilize both halves of the head of the 
fatus, one can carefully dissect one half in oil of cloves and so 
obtain a complete model of the developing teeth (generally con- 
sisting at  this stage of enamel organs only), both in relation to 
the gum and to the maxilla and premaxilla, while one obtains a 
complete series of sections of the other half. 
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PETROGALB PBNIOILLATA. 

Examined 4 embryos, either by clarification or sections, or both. 
Specimens examined measured from snout to tip of tail respectively 
8.5, 95, 11.5, 14.5 centims. 

1 z 3 o 0.0.3.4 D. f. of adult according to Thomas (12), I. i;" C .  5, P. o ~ 4 s  

Fig. 1,  Plate XXXV., represents the entire jaw clarified with the 
teeth in Gitu. 

At this stage it will be seen that there are present in the upper 
jaw in all 10 teeth, 6 being in the premaxilla and 4 in the 
maxilla, while in the lower jaw there are only 6 teeth. I n  the 
upper jaw, only three out of the 10 were calcified, viz., 2, is, i', 
fig. 1, all being situated in the premaxilla; from their minute size 
and advanced calcification these are obviously vestigial structures, 
the three functional incisors of the adult being at  present 
represented only by their enamel-organs, of which the first two are 
very large (i' and i4). 

In  the maxilla the germs of 4 teeth are present, the lst ,  from its 
proximity to the premaxillo-maxillary suture and the large 
diastema which separates it from the remaining teeth, eridently 
represents the canine, while the others represent the 3rd and 4th 
premolars and the 1st molar. 

I n  the mandible we find the large functional incisor (is) of the 
adult slightly calcified, and on either side of this a small rudi- 
mentary but well-calcified functionless tooth (iL and is) ; behind 
these we find the 3rd and 4th premolars and the germ of the 1st 
molar. 

The Incisors. 
The most striking feature in this Petrogale is the presence of 

three additional vestigial incisors in the upper jaw and two in the 
mandible,-& fact not hitherto recorded. The presence of these 
teeth naturally enables us to homologize the functional incisors of 
the adult with those of the Polyprotodont Marsupials. 

Here I would direct attention to a source of error which might 
creep in through the examination of clarified preparations of the 
jaw only, for it will be seen that the 1st rudimentary upper 
incisor is apparently situated in front of the 1st functional one ; 
and it was only by means of a very carefully prepared series of 
sections taken at right angles to the premaxilla, starting parallel 
with the premaxillary suture and changing the plane of the 
sections as one passed outwardly, so that the plane of the last 
section was at  right angles to that of the first, that one was 
enabled finally to determine which of these teeth mas really the 
1st incisor. 

Fig. 2 is a wax model constructed from a series of sections by 
His's method; this shows that the enamel-organ of the 1st large 
and at present undifferentiated tooth is connected with the gum 
nearer to the premaxillary suture than that of the small rudi- 

i.a.3. 4 
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mentary calcified tooth, which, although actually in  front of the 
former, is nevertheless morphologically and in point of origin 
posterior to it. The 1st incisor of the adult is therefore the 
morphological 1st incisor, and in the younger of the specimens its 
enamel-organ only as yet is differentiated and appears as a great 
pear-shaped swelling of the dental lamina (enamel-ridge, “ Zahn- 
leiste”). I n  an older one measuring 11.5 cm. there was present 
on the inner side of the enamel-organ a slight club-shaped down- 
growth, such as that described by Kiikenthal and others in 
Dide@lys as representing the permanent or replacing tooth 
(“ Ersatzzahn ”). 

The morphological 2nd incisor is a very minute calcified rudi- 
mentary (or rather vestigial) tooth measuring a25 mm. by -14 mm. ; 
its enamel-organ (fig. 2, i’) is only slightly developed and appa- 
rently, although possessing an enamel-epithelium, does not secrete 
any enamel; it shows a distinct but small downgrowth on its 
inner side (P’) obviously representing the ventral continnation of 
the dental lamina and the nncleveloped permanent tooth of Kiiken- 
thal, Rose, and Leche, and according to the interpretations of these 
observers this small calcified tooth must be a vestigial milk-tooth. 
The tooth itself consists of dentine and possesses an irregular 
contour and a variable pulp-cavity ; the relation of the odontoblasts 
suggest that they are concerned more in absorption than in forma- 
tion of tooth-substance. 

The dental lamina, after giving rise to these two teeth, disappears 
for a few sections, but soon reappears and swells out again to form 
the 2nd functional tooth, which 1 at first took to be the 3rd incisor. 
However, on investigating carefully the relatiou of the extremely 
reduced 2nd rudimentary tooth (fig. 3, i’), it was obvious that the 
enamel-organ of the latter was connected with the gum slightly 
anterior and external to  that of the former, although, owing to the 
large size and swollen nature of the enamel-organ of the 2nd 
functional incisor, part of this tooth appears in sections anterior 
to the rudimentary one ; but the only important point to be ascer- 
tained in determining the morphological relation of teeth is not 
which tooth is anterior to the other, but which enamel-organ 
arises in front of the other from the dental lamina. 

This 2nd rudimentary tooth is then the morphological 3rd 
incisor, the 2nd functional one being the 4th. 

The 3rd incisor is, like the 2nd, a vestigial structure only present 
in the embryo and although possessed of an enamel-organ it has 
no enamel ; its body, consisting of dentine, is very irregular and is 
obviously being reabsorbed. It is smaller and still more vestigial 
even than the 2nd incisor and shows no trace of any downgrowth 
from its enamel-organ, but from its resemblance to the 2nd 
incisor I conclude that it also belongs to the 1st dentition. 

The remaining incisors are very interesting and present such 
striking relationships that they call for a very careful examination, 
especially in the light of Rose’s statement regarding the 3rd adult 
incisor. 

PROC. ZOOL. f30~.-1803, NO. XXXI. 31 
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The enamel-organ of the 2nd functional incisor (morphological 
4th) soon loses its connection with the gum, and the dental 
lamina from which it is developed does not again obtain any 
connection with the gum in the incisor region. The enamel-organ 
of this tooth is too young to show any trace of the successional 
tooth, although the examination of other forins (Jf. giganteus and 
bmcly~crus) show that it is undoubtedly to be referred to the 1st 
dentition. 

The dental lamina, after giving rise to this tooth, is continued 
back as a slightly thickened lamina (club-shaped in section) iuto 
that backward prolongation of the premaxilla which is situated 
internally to the maxilla (fig. 29) and in which the 3rd incisor of 
the adult is developed; in this region it becomes once more 
swollen (tig. 4, P) to  give rise to the latter toot,h, which is, however,- 
developed very 1at.e in life and therefore hardly shows a t  this 
early stage. Halfway between t,liese two t.eeth and attached to the 
external (adamantine) face of t,he dental lamina is situated a very 
perfectly formed small, pointed tooth ; this is t'he 3rd rudimentary 
tooth above referred to (fig. 1, 2'). I n  section t'liis tooth is seen 
to be well developed, possessing the most highly differentiated 
euamel-organ, which secretes a thick layer of enamel, internal to 
which is a well-developed mass of dentine surrouuding the pulp- 
cavity. The entire tooth measured -4 mm. long by *25 mm. broad. 
I t s  general structure, however, suggests that it is fully formed, 
and its ultimate fate is probably that of the two anterior vestigial 
teeth, viz., it is reabsorbed. 

A very important question now arises, Do these two teeth belong 
to t'he 1st or the 2nd dentition, and also what is their numerical 
pos i t io~  amongst the iucisors '? In attempting to solve t,his point 
it will be well to bear iu mind Rose's suggestion, viz., that the 
3rd functional incisor of the adult t iG) belongs to  the second 
dentsition and is not. preceded by a deciduous toot,h. 

Pig. 4 represents a wax model reconstructed from the sections 
by means of a camera lucida. AU examination of this shows that 
the enamel-organ of this small calcified tooth (2) is situated 
external to t h e  2nd and 3rd functional incisors (i4 and i') and 
connected with the dental lamina by a long neck: its external 
position certainly suggests that of a milk-tooth, but on the other 
hand it is no more nearly related to the 3rd than to the 2nd 
functional incisor, being situated just about halfway between the 
two, so that supposing it were a milk-tooth it would be nearly im- 
possible to say to which tooth it is related. Further, if it belonged 
to the 1st dentition its enamel-organ should be attached to the 
dental laniina nearer to the point of origin of the latter from the 
gum ; whereas in the specimen under consideration these three 
teeth (iL, 2, 2 )  all arise from the dental lamina at the same level, 
which suggests that they belong to the same series a d  not to two 
dentitions dist,inct from one another in point of time, for in that 
case the one belonging to the 1st dentition would arise from the 
dental lamina superficially to the corresponding tooth in the 2nd 
dentition. 
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If I am right in concluding that these three teeth belong to the 
same dentition, then the 2nd functional incisor of the adult is in 
reality the 4th incisor, this small calcified tooth is the 5th,  and the 
3rd adult incisor must consequently represent a 6th incisor. 
Unfortunately, although possessing several specimens of this 
interesting form they were all too young to show the further develop- 
ment of these three last incisors, and in order to completely settle 
the question as to the relation between these teeth I was obliged 
to refer to other Macropids of which I possessed older examples. 

I n  both Macropus giganteus and M. bmchprus the second adult 
incisor shows a fairly well-marked rudiment of the replacing tooth 
in the form of a cellular downgrowth from the inner side of the 
neck of its enamel-organ, thus showing that this tooth itself 
belongs to the 1st dentition. A similar condition is observable in the 
3rd functional incisor of M. giganteus and of M .  euyenii (figs. 5 and 
6, P'), which must also be referred to the 1st dentition, and not, as 
Rose believes. to the 2nd. In  both these forms the small calcified 
incisor (i5) is present and situated between the two larger ones j 
in ill. giganteus' it is extremely vestigial and only to be recognized 
with difficulty j but in ill. eugeibii it is, on the contrary, very large 
and well developed. In no case, however, did it show any indi- 
cation of a replacing tooth as seen in the 1st rudimentary incisor 
of Petvoyale; so that it is impossible to say for certain to which 
dentition it was to be referred, but, judging from its analogy with 
the other vestigial teeth, it should belong to the 1st dentition. 

We find therefore in the upper jaw of Petyogab penicillntn 6 
incisors, three of which are very small and obviously disappearing, 
and three which we recognize as the incisors of the adult : these 
teeth are all referable to the 1st (or milk) dentition, the lst, 2nd, 
4th, and 6th all possessing at some period in their development, 
either in Petrople or in some other allied Macropid, rudiments of 
the 2nd or replacing teeth. 

The adult incisors are the lst, 4th, and 6th, the 2nd, 3rd, and 
5th being in a vestigial condition and completely reabsorbed 
almost before the former become calcified. 

Rose's suggestion concerning the relation of the 3rd adult incisor 
(P) is not borne out by the study of its development, fig. 5 
distinctly showing that in M. giyanteus this tooth belongs to 
the 1st dentition, and not to the 2nd as he stated for that species. 
His conclusions were based solely on the fact that the 3rd incisor 
cuts the gum so much later in life than the anterior teeth. The 
explanation of this arrangement becomes self-evident when one 
compares the young skull (fig. 29) with that of the adult: it will 
be seen at once that the premaxilla is very small in the former in 
proportion to the teeth, and is consequently far too short to 
accommodate the three large incisors of the adult at the same time, 
the teeth being extra large for a fcetus owing to the fact that they 
are the adult teeth and are not replaced by a second set as in most 

I have since cut a younger M. giganteus, and find this tooth is very lar e i 
YO that in the specimen abow inentioned it mnst have been lasgely reabsorb& 

31" 
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animals. As may be seen (fig. 20) the 3rd incisor (P) develops in a 
backward prolongation of the premaxilla situated on the palatal 
side of the maxilla and side by side with the canine, and only attains 
its true position in very advanced pouch-specimens. 

The overcrowded state of the jaw will further explain the 
complete atrophy of the already reducocl Znd, 3rd, and 5th incisors. 
And to the same cause we may, I think, ascribe the abnormal 
position of these teeth having become displaced by the larger ones 
till they have assumed a position with regard to the latter which 
suggests the relation between teeth belonging to the 1st dentition 
and their successors in the 2nd dentition. 

The true reason for the small size oE these teeth is probably to 
be found in their disuse together with an early enlargement of the 
1st and 4th incisors. This last character would according to 
Cope’s mechanical theory (2) be enough to account for their entire 
disappearance ; he suggests that the enlargement of any organ 
causes the abstraction of the growth-energy and material from 
some adjacent structure, as in the case of the enlarged canines 
of the Wart-hog causing a reduction of the upper incisors. In 
trying t o  account for these reductions in the number of teeth every 
feature which can possibly bear on the case should be taken into 
consideration, as it is more probable that a number of factors 
have acted together to bring about these results, rather than 
they cau be accounted for by one only. It is interesting to 
note in the light of Cope’s suggestion that in this Petrogale, where 
we find a greater number of these -vestigial teeth than in any other 
Macropid which I have examined (except M. yiyaicteus), the adult 
incisors are of a much slighter nature than in the latter forms, 
where some of these vestigial teetli have either conipletely dis- 
appeared or if pro5ent have become much reduced. 1 think that 
the presence of these additional teeth is to be explained rather on 
the above grounds, than on the supposition that Petrognle pemkillata 
is an extremely primitive form. 

The presence of the remains of six pairs of upper incisors is 
altogether unexpected and rather unfortunate, for one would hardly 
expect t o  find in so specialized a family as the Macropodidoe more 
incisors than are present in the least specialized Polyprotodonts. 
I n  these latter forms with their 5 upper incisors, however, the 
premaxilla in the fetus is very much cronded, more so than in 
iEici.opus. As the teeth in the former all develop at the same 
time, whereas in the latter, as we have seen, they develop progres- 
sively from before (backwardly), this may perhaps account for the 
suppression of the 6th incisor. Judging from the condition of the 
adult in Pei*ameles, I should imagine that the first incisor to 
disappear was number 5 ,  as there is a large diastema in the adult 
between the 4th mid 5th incisors. This suggestion was further 
strengthened by the study of a series of sections through the jaw 
of a young Peranielrs, while the premaxilla was still short and 
consequently crowded with teeth : a t  this stage a slight but definite 
thickening of the dental lainina (fig. 28) was observable between 
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incisors 4 and 5, in the position of the rudimentary incisor 5 of 
Petroqale and of the large diastema in the adult Pernmeles, and this 
possibly represents a 6th incisor. From this I conclude that the 
Marsupials originally possessed G pairs of incisors in the upper jaw, 
the first of which to disappear being no. 5 in the Polyprotodonts, 
while in the Macropodidre nos. 2, 3, and 5 are wanting; here, 
however, no. 5 is less reduced than nos. 2 and 3, this being due to 
the fact that the large functional incisors nos. 1 and 4 develop 
early and consequently cause a corresponding early absorption of 
nos. 2 and 3, while owing to the late development of no. 6 the 
small no. 5 persists for a considerable period. 

T h e  Lower hacisors. 
h the adult Petrognle aiid in all the Macropodids there is but 

one incisor in either half of the lower jaw, which tooth according 
to Thomas is t o  be identified either with no. 1 or 2 of the Poly- 
protodonts. 

In  the young P e t ~ o p t e  there are, however, no less than three 
teeth situated close on either side of the mandibular symphysis. 
Fig. 1 shows one set of these teeth in situ: it will be seen 
that two of them (il and i,) are very small although fully 
calcified, consisting even at  this early period of both enamel and 
dentine. The remaining one is very large and may be shown to 
be the developing single incisor of the adult. The position of the 
two minute teeth close the tip of the large incisor (i2) shows the 
former to be undoubted incisors. 

The examination of a series of sections through the mandible 
showed that the most anterior of these three teeth is the minute 
tooth iL, fig. 9, and we may call this tooth provisionally the first 
lower incisor. This tooth is so nell calcified that, in spite of its 
small size, we must conclude that it is fully formed, and from an 
examination of a series of stages I have come to the concliision 
that it does not cut the gum but is probably reabsorbed. One of 
the most interesting points iu  connection with this tooth is the fact 
that from the posterior or internal side of its enamel-organ there 
arises a long cord-like downgrowth with an enlargement on its 
deep-seated extremity (figs. 9 and 10, i,), which at a later stage 
becomes slightly indented below, and has all the relations of an 
undeveloped permanent tooth. This small vestigial incisor (iJ is 
thus proved to brlong to the 1st dcntition j and this fact further 
clears up any doubt which might exist as to its relation to the 
functional incisor ( i2) ,  to which it is very closely approximated, 
but to which it is in no way related. 

Judging from the analogy oE the other incisors, I should conclude 
that the functional incisor also belongs to the 1st dentition, but I 
have not been able to  trace any very definite downgrowth from 
the inner side of its cimmel-organ in this species. 

The 2nd small tooth (i,,) (? morphological 3rd incisor) is more 
vestigial than the first, and shows no trace of a successionalt ooth, 
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so that one can only suggest by a comparison with the 1st of these 
teeth that it is to be referred to the 1st  dentition. 

The Cmines. 
Owen (p. 291) and Flomer have already pointed out the 

existence, in the mammary fcetus and the adults of some 
Kangaroos, of vestigial upper canines, so that their presence 
here in all the Macropodidoe (save N. hmc7yums) which I have 
examined calls for no special comment. 

The dental sac of this tooth is of considerable size and situated 
close to the premaxillo-maxillary suture, R considerable apace 
intervening between it and the premolars behiud. 

I n  the dried slrulI (7 cm. long) of an advanced mammary foetus 
of P e t y o p l e  za:nr~t7aopus the canine was present on either side as an 
exceedingly minute pointed tooth in a distinct alveolus (fig. 29, c )  ’. 
It seems probable that this tooth is shed, not reabsorbed, being 
pushed out of the gum by the development of the enormous 3rd1 
incisor which is situated immediately internal io  it. 

There is no trace of a lower canine in any Macropid which 1 
have examined. 

T ~ P  Premolam. 
The dental lamina is more or less contintioue between the 

canine and the most anterior upper premolar (pm’), but at the 
same time it is very irregular, showing several curious  swelling^ 
(fig. 12) ; these, however, are so irregular that I hesitate in ascribing 
any importance to them, but it is just possible they may represent 
the missing 1st and 2nd premolars. 

The 3rd premolar (fig. 1 ,  pm’) shows as a fair-sized dental sac 
with a well-deleloped enamel-organ and pulp, but at  present there 
is no trace of calcification, its enamel-organ remains attached to the 
small dental lamina whose free end projects slightly into the 
surrounding tissue (fig. 15) ; this structure, which might possibly 
be interpreted as a rudimentary successional tooth, disappears as 
me trace this tooth backnards in the sections, and soon also does 
the swollen portion of the enamel-organ of the 3rd premolar itself, 
but in its place, and directly continuous with it, we find a stron6ly 
developed club-shaped mass of cells which run in form of a lamina 
between the 3rd and 4th premolars, connecting their enamel-organs 
and bearing a definite melling in the middle (fig. 19,ppm).  A 
section through this region shows (fig. 16) that we are dealing 
with an incipient enamel-organ, the centre of which is nlready 
differentiated into the typical stellate tissue. 

The 4th premolar, which is very large though not calcified, is 
still connected by the dental lainina with the gum, but shows uo 
trace of a successional tooth unless the small process of the enamel- 
organ (fig. 18,p) be interpreted as such. 

I n  a slightly older embrzo the same conclitioii was observed, bnt 
owing to the development of the 3rd and 4th premolars, especially 

lying in the snture between the pre- 
maxilla and the maxilla, in reality i t  is snrrounded by a thin layer of the 1AttPr. 

‘ In fig. 99 the canir,e is represented 
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of the latter, they somewhat overlap the lamina connecting the two 
and it in consequence becomes displaced to the inner side of these 
btructures. So much doeb the 4th premolar grow forward with age 
that it appears as if this lamina was a downgrowth from the inner 
side of the enamel-organ of p m 4  ; this, however, is really not the 
case, the lamina is morphologically in front of that tooth and only 
attains a secondary connection with it. 

A careful examination of the swollen part of this lamina (fig. 16, b) 
a t  this more advanced age shows that we are undoubtedly dealing 
with a developing tooth. Now the only tooth which develops in 
this situation is the one successional or replacing premolar of the 
Marsupials, and this is usually regarded as being the derivative of 
the 4th premolar, which latter, as far as I have observed, in Petrognb 
never developR a successional tooth a t  any time. The successional 
tooth is here developed from a dental lamina situated between pm’ 
a d  pm4, but may afterv ards attain a secondary connection with 
the latter tooth, but does not represent its true successor. The facts 
appear to me to strongly suggest that this tooth represents a 
premolar belonging to the same Aerie9 as p3 and p9iz4 which has 
been retarded in its de\ elopinent and in consequence does not cut 
the gum until long after the others. The further comideration of 
this point I shall leave till I have described the coadition in the 
other Macropids here dealt with. 

The condition in the lower j m i  is the same as that in  the upper. 

The Xo1ni.s. 
While investigating the condition of the developing molars in 

the Kangaroos I naturally sought to confirm Kiikenthal’s sugges- 
tion that the molar8 belonged to the first dentition j this, however, 
I hnve been unable to do. 111 fact, if any reliance is to he placed 
on these downgrowths from the enamel-organs of the developing 
teeth or from the dental lamina, then I must assert that the 1st 
and 2nd molars of the Macropodidae belong to the 2ud dentition, 
and that therefore Kiilrenthnl’s original suggestion does not hold 
good for the Marsupials in general. 

The great difiicalty which we find in connection with the interpre- 
tation of the molars arises from the shortness of the jaws, so that 
according to the age we find the most posterior molar as yet 
formed developing side by side with the penultimate one. This led 
Kiikenthal into a mistake, which he has since pointed out to me, 
I n  his paper (no. 5) he figures the 2nd molar of Didekhys 
with a rudimentary successional tooth ; this is really, as he now 
believes, the rudimentary 3rd molar developing side by side with 
the 2nd. He, howe\rer, describes what he believes to be a trace 
of a successional tooth iu connection with the 1st molar, but 
nnfortunately he does not figure this structure. I have found no 
trace of ans  such structure either in Diclelp7~tjs or in Macropodidae, 
and therefore see no reasou t o  believe that the molars art? in any 
sense referable to the 1At dentition. 

On $he other hand, sections taken across the jaw of Petvo,qale, 
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through the region of the 1st molar a t  t u o  stages, show (fig. 25) 
that there is present on the outer side of the enamel-organ a 
conspicuous outgrowth of its cells extending down into the gum a t  
right angles to t,he swollen portion of the denf a1 lamina. This mass 
takes its origin from bhe dental lamina nearer to the surface of the 
gum than the point of origin of the molar tooth, which condition is 
apparently just the reverse to tbat which we have seen in the incisor 
region, where, if there was a rudiment of a second set, of teeth, it 
~.vas situated internal to, and deeper than, the fmict.ional one, and 
represented a replacing dentition. Here in the molar region, on 
the other hand, we can only interpret these appearances on the 
grounds that the fuiictional molars belong to the 2nd or replacing 
dentition, and that this donqrowth  on their outer sides represents 
the rudimentary, or rather vestigial, milk or 1 st dentition. I may 
perhaps nieution hero bhat I 1mye found what; appears t)o be a 
similiar condition in Pl t fwi i ( s  and Cwia, while in Lqms and Tu& 
where there is a suggestion of t,he reverse condition, we are in 
reality dealing with the dental lamina itself and 11ot a dowiigroath 
from it, as may be seen wheii the more posterior sections are 
examined. 

The second species of I'tetl.o~ycile, which was evidently the more 
advanced embryo of a smaller form, showed only two vestigial 
upper incisors, these having the relation of i2 and is, and one only 
in the lower jaw, 6z. il ; it may be that i, were already reabsorbed. i3  

~ f A C R O P U S  BRSCHYURUS. 

Two speciineiis examined, measuring respect'ively 100 mm. and 
135 mm. 

These sp~cimens, although so small, were very much older than 
the Petrogales described above, ilfiwyoptts bmchyzwus being one 
of the smallest Wallabies ; the teeth were in consequence much 
more highly developed. 

Only two vestigial teeth were present in each premaxilla, 
corresponding in posit)ion with i2 and i": the former was of 
considerable size and so close to the surface of the gum that it is 
just possible that it is shed in this form ; the latter was, on the 
other hand, very small and already partially absorhed. 

The three functional incisors (2 ,  7') ar id  iG) all eshibit slight but 
distinct downgrowths from the inner side of their enamel-organs 
representing rudiinents of the successional teeth, accordiiig to 
Kiikenthal's theory, and are thereforr, as in a11 Macropids, referable 
to the 1st c1entit)ion. 

I n  the lower jaw there are present 2 pairs of incisors represeiit- 
iiig i ,  and i,. The first being a vestigial tooth' but of fair size and 
well calcified; the second is t,he large incisor of the adult and 
shows an epitheloicl cord on its inner side representing the 
successional tooth. 

No trace of a canine was visible in either jaw of this specimen, 
the anterior premolar, which is here very large, coming close behind 
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the premaxillo-maxillary suture (incisor fissure). The condition of 
the premolars is very interesting. In the younger of the two 
specimens examined, the rudiment of the successional tooth is 
developed very much as in P4t~oy i l e ,  that is in the interspace 
between pm3 and pm4, bnt it is much closer to  the former, with 
which it is connected, and has no connection whatever a t  this stage 
with the latter ; the difference may be, however, clue to the fact 
that this is a slightly older stage than that described for PetrognZe. 
In  the second stage this rudiment of the successional premolar is 
much more differentiated, and owing to the development of pm', 
which is here very large, it comes to be under the posterior end 
and on the inner side of this tooth, with which we have seen it is 
undoubtedly connected. 

One thing we may say for certain, that in M. brachyums the 
solitary successional tooth is not developed in connection with pm4, 
but either represents a tooth in between pm4 m d p m 3  or else is 
the successor to the penultimate premolar (p?n3). 

The relation of the premolars in the lower jaw ig the same a6 
that in the upper. 

l%ACROPUS EUGENII. 

Two specimens, 125 mm. long. 
In this species there are present in the upper jaw 5 pairs of in- 

cisors, corresponding with i', ia, i', i6, and i" of Petrognle penicillata : 
and, as in that form, i', i4, and ie are the fuuctional adult teeth, 
while ia and is are vestigial structures. No trace of that very 
rudimentary tooth i3 could be found. Of the rudimentary teeth i' 
is very small, this being in all probability due to the fact that the 
first functional incisor here early attains a large size, and has 
consequently further d ~ a r f e d  the disappearing i2. On the other 
hand, i5 is a very prominent and well-developed tooth (fig. 5), and 
in conformity with this we find that ie is at present very slightly 
developed and quite uncalcified. 

A transverse section across the jaw and passing through i6 and 
iG is shown in fig. 5, and it will be seen there is a well-developed 
downgrowth from the inner side of the enamel-organ of is, 
showing that this latter tooth, like i' and i4, belongs to  the 1st 
dentition, the downgrowth ( i") representing the rudimentary per- 
manent tooth. The small tooth i5 is therefore quite an inde- 
pendent tooth, and probably represents the 5th incisor of the first 
dentition. 

Of the first lower incisor (() no trace was observed in this 
species ; the second and functional incisor W R S  large and calcified, 
and exhibited a large and definite rudiment of its successional 
tooth in the form of a thick cord-like clowngrowth from the inner 
side of its enamel-organ, this rudiment being more definite here 
than in any other form I have examined. 

The upper canine is a small tooth situated in the maxilla and 
close to the last incisor ; it  shows no indication of a successional 
tooth, nor in any form which 1 have examined can nne say 
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definitely to which dentition this tooth is to be referred. Between 
the canine and the premolar the dental lamina branches out in a 
most curious way, in some sections exhibiting three or four down- 
growth8 from its adamantine face (fig. 13). Whether these repre- 
sent modifications of the missing premolars 1 and 2 I am unable to 
say, but it is interesting to note that a somewhat similar condition 
of the dental lamina was observed in Pet~ogale in the same region. 

The anterior premolar (3rd) is present in the form of a long 
tooth-germ, which does not as yet show the formation of any 
dentine or enamel. A careful examination of a complete series 
of transverse sections revealed on the inner side of this tooth R 
long cord of epithelium whose neck was anteriorly and superficially 
connected a i th  the dental lainina at the point of origin of the 
3rd premolar (fig. 23, p p i ) ,  while posteriorly its deeper-seated 
extremity OP bulb was swollen and situated rather behind and 
deeper in the gnm than this tooth. This structure entirely dis- 
appears from the sections before the 4th premolar is reached, thus 
showing that it is situated anteriorly t o  the latter, with which it a t  
no time shows any connection. 

The same condition holds for the lower jaw save that the 
bulbons portion of this epitheloid cord ( p p 2 )  grows baclrward 
from it8 point of origin into the space betueen the two premolars 
and eventually attains a situation by the side of the 4th premolar, 
but it never has any connection with the latter, and its posterior 
position as compared with the same structure in the tipper jav 
is probably due to the backward extension of the great lower 
incisor, which takes up all the room under tlie 3rd premolar, so that 
this developing premolar is backwardly diLplacecl until it attains n 
position under the 4th premolar. 

The 4th premolar is a very large and well-developed tooth, the 
largest in either jaw a t  the stage, and possessing well-developed 
calcified cusps. It shoa s n o  signs qf CL vertical successoT* a t  either 
of the two stages which I have examined in this species. 

The molars were i n  both specimens too advanced to  show the 
vestiges of the other dentition, so I was unable to  determine t o  
15 hich set they shoiild be refered. 

MACROPUS GIGANTBUS. 

Material consisted of 8 pouch-specimens, a very complete series, 
youngest about 155 mm. loiig (this specimen was a little older than 
the largest Petrogale examined). 

I u  the youngest specimen there were three rudimentary iucisors 
present corresponding to those in Petrogcile, but in all the older ones 
i3 had disappeared and both i2 and 2, which were very large to begin 
with, had now become through absorption very much reduced. 
These three teeth have precisely the same relation and origin as in 
Z’etrople, and so call for no further description. All three func- 
tioual incisors, viz. 2, i4, P, show at onv stage rudiments of their 
representatives in the second dentition (figs. 6, 7 ,  8). The first 
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lower incisor is present as in Petrogale with a rudimentary snc- 
cessor, the functional incisor being i,, and shows a distinct indica- 
tion of its successor in the second dentition (fig. 11, i”); no trace 
of i3 was observed. 

The canine is large and late to calcify, being uncalcified in the 
largest specimen examined, of which the head measured 83 mm. 

I n  the diastema, between the canine and the 3rd premolar, the 
dental lamina presents numerous small enlargements and irregu- 
larities, some of which possibly represent the missing premolars. 
In  the lower jaw, however, there is a very distinct vestige of a 
tooth in the form of an irregular enamel-organ with enamel- 
epithelium and pulp (fig. 14). This, from its proximity to the 3rd 
premolar, must represent pn7?. 

The one functional successional premolar in the youngest speci- 
men examined is developed as an enlargement of the dentril lamina 
between pm3 and pm4 (fig. 21), being continuous with the slight 
downgrowth developed on the inner sides of those teeth (figs. 20 

. and 22). I n  this respect it differs slightly in origin from that of 
Pctvognle, where it was directly continuous with the enamel-organs 
themselves, and not with any internal lamina; this may be due to the 
specimen under consideration being older than the Petvognlr, as even 
in that form this tooth subsequently takes on this internal position. 

These two slight downgrowths (figs. 20 and 22) may perhaps 
represent rudimentary permanent teeth, in which case the two 
functional premolars must both he regarded as belonging to the 
first dentition. 

In the older specimens the successional premolar subsequently 
takes on a posit,ion internal to the posterior end of pm?, a d  loses 
its connection withpm4, with which its connection was a t  the best 
very slight. 

I n  the youngest specimen the 1st molar above and below was 
just formed, and while the lower one showed no indication of any 
accessory tooth rudiment, the upper one (fig. 26) had exactly the 
same relationas seen in Petvople ; that is, a downgrowth of epithe- 
loid cells from the dent,al lamina external to and nearer the gum 
than the molar itself. This, as I have before pointed out, must be 
regarded as a vestige of the 1st dentmition, and the molar teeth, at 
any rate the l s t ,  must be regarded as belonging to the 2nd dentition. 

MACROPUS BENNXTTII (RUFICOLLIS). 
One very badly preserved head. This, when clarified, showed 

that therewere present in the premaxilla 5 incisors, the three func- 
tional being 2, JL, and i‘, and the two vestigial ones being i2 and i5. 

The dried skull of a very advanced pouch fcetus showed that, 
the canine was very large for a Macropus and calcified, and I 
should think in all probability cuts t.he gum and is shed, not 
reabsorbed. The first specimen was too much macerated t o  make 
out any detailed tooth relationships, and I only mention it here to 
show how constaut is the presence of at least two of these 
twstigial incisors (vk .  i2 and i5) .  
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ZPYPRYMNUS RUFESCENS. 

Two specimens, measuring 125 mm. and 195 mm. long respec- 
tively. 

I n  this Kangaroo-Rat no trace of the reduced incisors was 
observed, the three functional ones being well developed, the first 
and the last showing traces of an internal downgrowth from t,he 
dental lanima similar to that seen in the true Kangaroos. 

The jaw is here very short, so that the last incisor, the canine, 
and the anterior end of the first premolar appear in the same 
section. The last-mentioned tooth is very large and extends 
through a great number of sections; towards its posterior end, 
and just as the 4t'h premolar is appearing on its external side 
(fig. 24), a mass of cells is not,iced lying above it ; this mass of cells 
is connected with a long epitheloid cord which is applied to the 
inner side of the dental sac of the 3rd premolar the two having 
very much the same relation as that seen bet,ween the dental sac 
of a milk-tooth and its so-callecl permanent mccessor. 

The condition seen in the lower jaw is very similar to that in the 
upper, except that t,he swoIlen portion of the germ of the so-called 
successional tooth is situated rather farther back, as in most other 
Macropids, owing to the backward extension of the large incisor. 

If one was' able to study the development of the functional 
successional tooth in this form only, one could not help concluding 
that it was developed side by side with t,he 3rd premolar, and that 
it really represenkd the successor of that tooth and not that of the 
4th premolar as has generally been believed hitherto. 

BETTONGIA LESUEURI. 

One embryo, about 180 mm. long. 
The teeth of this fwtus were in an advanced stage of calci- 

fication and IIO traces of the supposed rudimentary successional 
teeth mere to be observed. 

There were four pairs of incisors present in the upper jaw, 
viz. i', i4, is, and i'; of these the first two and t,he last were very 
large, while i6 was minute, somewhat irregular, and uudergoing 
absorption. All braces of iz and i3 bad disappeared. No trace of 
additional incisors was observed in the lower jaw. 

The upper canine in these Kmgaroo-12ats persists in tlhe adult 
as a large tooth, and in conformity with this we find that in the 
embryo this tooth is larger than in the true Kangaroos and well 
calcified. The 3rd premolar is very large, and already shows its 
characteristic ~hape ,  it overlaps the canine in front and nearly 
reaches the 4th premolar behind. The one successional tooth is of 
considerable size and slightly calcified : its enamel-organ is con- 
nected by a long st.raiid of epithelium with the ext.reme posterior 

(pp,pm) is representecl as coining into too intimate connection wit€ the enamel- 
organ of the 3rd premolar; it should in reality be only applied to the side of 
that atrncture, sad not fused with it as appears from the drawing. 

1 I n  the i3gure the cord of epithelium connected with the develo ing premolar- 
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end of p a 3 ,  the tooth itself being situated above the anterior end 
of pm4, but is in no way connected with the latter. The speciineu 
was, however, too old to show the true origin of this tooth. 

The molars were too advanced to show any indication of their 
lost predecessors or otherwise. Of course the most posterior 
molar in the jaw was still very young, but as a matter of fact no 
traces either of predecessors or of successors have been observed 
to any but the 1st molar, the rest seemingly being too much 
modified. 

111. -GENERAL CONSIDERATIONS. 

W e  have seen from the above that many of the Macropodidae 
possess vestiges of the five upper incisors of the Polyprotodonts, 
and that in two cases, via. Petroyccle penicilla fa and N a o r o p  
yipntezcs, there are traces of no less than six of these teeth, the 
full upper incisor formula being, 1 . 2 . 3 . 4 . 5  . 6. That the three 
adult incisors are the l s t ,  4th, and 6 th ;  thiR conclusion is at  
variance with that of Oldfield Thomas (11, pp. 454 and 457), who 
shows, in a diagram illustrating the relations between the teeth of 
the Polyprotodonts and Diprotodonts, that he believes the 
reduction in the number of the incisors i l l  the latter to have 
been brought about by a suppression of the two posterior teeth of 
the former. This interpretation I have shown, by the discovery 
of vestigial teeth, to  be erroneous, the teeth which disappear being 
incisors nos. 2, 3, and 5.  

The discovery of 6 pairs of incisors, although au absolute fact, 
is in many respects an unfortunate one, as we know of no adult 
Mammal with so many, and even amongst Xeptiles many Lizards 
and Crocodiles have the number of teeth in each premaxilla 
restricted to five. I can ouly suggest in explanation that in 
Petroyale, where the 3 adult incisors are so slight, and where there 
is in consequence more room in the premaxilla, the additional 
incisor, which is only apparently lost in the Polyprotodonts (see 
ante, p. 456), has reappeared as a calcified tooth owing t o  the 
greater amount of room in the jaw and the lesser abstraction of 
growth-energy on account both of the smaller size of the adult 
teeth and of the very late development of the most posterior 
incisor. 
In Macropzcs giganteus only the late calcification of the func- 

tional teeth can be supposed to account for the presence of so 
many vestiges, and as a fact we notice, directly these adult teeth 
begin to calcify, the vestigial ones become reabsorbed. 

The incisor which I regard as wanting in the Polyprotodonts is 
the 5th incisor of Petroyccle, for I have found what appears to be 

undeveloped enamel-organ in Pmtrncles, between incisors 4 and 
5 of that form, and corresponding in position with the large 
diastema of the adult. On m e  side of the upper jaw of an adult 
Pernvteles in the Teaching Collection of the Royal College of 
Science there is a curiously elongated tooth, occupying a position 
intermediate between incisors 4 and 5, both of which are wanting j 
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this tooth (fig. 27, i', is, ib) shows indications of at  least three fangs, 
and is obviously a fusion of these teeth. It seems to me probable 
that the partial calcification of this missing incisor might cause the 
fusion of these two teeth, which are only separated by a slight 
interval in the fcetus. 

The comparatively large size of the vestigial 5th incisor in the 
31acropodida is obviously accounted for by the late development of 
the 3rd adult incisor, whereas the 2nd and 3rd, wliich are functional 
teeth in the Polyprotodonts, have been dwarfed by the early 
development and large size of the 1st and 4th incisors. The 
commencing enlargenient of the 1st incisor is well shown in 
Diclelph~s. 

With regard to the lower incisors, evidence is wanting to show 
which of the Polyprotodont's teeth these represent. The close 
approximating of the four lower incisors of DideZplzys does not prove 
necessarily that the missing tooth is the 5th incisor, for we have 
seen that in the upper jaw of Macropw no diastemata remain to 
show \\here the suppressed teeth were situated. Nevertheless, 
we may provisionally allow that this is the case, and regard the 
three louer incisors of Petroyale as representing the lst,  2nd, and 
3rd, the 1 st  and 3rd being vestigial. The p e a t  functional lower 
incisors of the Macropodids are therefore the over-developed 2nd 
incisors. 

Cope (2) has shown that in all probability this is also the 
condition in the Rodentia, there being strong evidence to believe 
that the single pair of large lower incisors are the 2nd ; the 1st and 
3rd have first become reduced as in Esthonyrc, then the 3rd have 
disappeared, and the 1st is smaller than the second, as in Psitta- 
cot7te&m or in Cillc~modo~t, where the 1st has disappeared, which 
form Cope regards as the ancestor of the Rodent'ia. 

Prom the study of the development of the incisors we have see11 
that in connection with the lst ,  2nd, 4th, and 6th above, and the 
1st and 2nd below, rudimentary successional teeth (" Ersatzzihne") 
are to be found at one stage, thus proving that the teeth e m -  
merated above are present in some form or other in both 
dentitions, and that the three incisors above and the one below in 
the adult, belong to the lst ,  or milk dentition. This is in perfect 
accord with Kukenthal's (5) observations on the incisors of 
Diclelphys, all of which he shows to belong to the 1st dentition. 
In  no case have I been able to determine as to which dentition 
the canine is to be referred. In  Didelphys, however, Eiikenthal 
saw something which he considered to represent a rudimentary 
successional tooth, but it was evidently, from his description, very 
slight. 

Only in Macropus giganteus have I been able to find any certain 
trace of the missing premolars ; in this case the tooth found was 
probably pm2. I n  the other forms the dental lamina was invariably 
present in this region, and often presented irregular swellings but 
nothing definite. This appears to  me to be strange, as in Petvogale 
there is a large diastema, even in the young animal, between the 
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canine and the third premolar, so that one might reasonably expect 
to find some trace of these teeth ; in M. brrcchylzcrm and M. euyenii, 
however, the anterior premolar (pmJ was much more advanced in 
its developnient and consequently the diastema was much smaller. 

I account for the absence of these teeth by the early enlarge- 
ment of pm, before the maxilla is elongated, and in consequence 
this tooth overshadows the region of the 1st and 2nd premolars 
and abstracts the matter and power of growth which would 
otherwise fall to their share. 

Kukenthal, in his description of the premolars of DideZp7zys, 
describes what he considers to be a rudiment of the successional 
tooth as attached to the enamel-organ of the 1st premolar, but he 
found no trace of the missing premolar, nor any rudiment of z 
successional tooth to the 3rd premolar, while he describes the 
functional successional tooth as being developed from the enamel- 
organ of the 4th premolar. Now my investigations among the 
Kangaroos show that in them the one functional successional 
tooth is never by any chance developed from the 4th premolar, 
and although it displaces that tooth along with the third, it is 
not the representative of the same (the 4th pm.) i n  the 2nd 
dentition. If this is the case, theri the con&sions of Owen, Gervais, 
Flower, and Thomas break down as far as the Macropodids are 
concerned. 

Having shown that this tooth ia not the successor to the 4th 
premolar, it remains to decide if possible what its real significance 
is. Judging from its relation as seen in A+ypul*yrnnus alone, 
I should have concluded tliat it rea[ly represented the successor 
of the 3rd premolar ; but the embryos of this form and also those 
of the various species of Macropus which I have examined were 
all too old to show the actual origin of this replacing tooth. 

The only form in which I could observe the first origin of this 
so-called successional tooth was in Petroyale, and here, as I have 
described above, this tooth arises independently of the 3rd and 4th 
premolars from the dental ridge connectin6 these two teeth. I t s  
position there certainly suggested that it represented a tooth 
intermediate between the 3rd and 4th premolars, and belonged 
to the same series as themselves, owing its subsequent position 
internal t o  and deeper in the gum than these teeth to the more 
rapid growth and earlier development of the latter, whereby this 
intermediate tooth is displaced and retarded, so that it assumes 
all the relations of a tooth of the second dentition. The first 
stage in this change is well seen in the youngest embryo of 
M. yiyanteus. 

This tooth often takes on a secondary connection with the 
adjacent premolars ; thus in Petvoyule it becomes connected with 
the 4th premolar, while in Jfacropus and Bpyprynanm it is related 
to the 3rd. 

It is interesting to note that in Perameles the large supposed 
successional tooth is quite distinct in origin from the small 4th 
premolar which is shed ; it is in fact formed’ from the dental 
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lamina situated immediately behind pm. 3, and morphologically 
in front of the 4th premolar. Further, if a skull be examined 
in which the tooth-change is taking place, it will be seen that 
the supposed successor of the 4th premolar cuts the gum in front 
of that tooth to which it is believed to be its milk predecessor 
(fig. 27). This would be quite an anomalous condition, for if we 
study the relations of a milk-tooth to its permanent successor in 
a typical placental mammal, we find that the latter is invariably 
developed behind the former, and either cuts the gum internal 
to it, as in the case of the incisors, or else comes up underneath 
it, but at the same time slightly internal and posterior. But in 
no case (unless the present instance in the Marsupials be one) 
does the permanent tooth develop and cut the gum in front of its 
milk predecessor. 

Kiikenthal, it is true, figures what he regarded as the developing 
functional successional tooth as arising from the 4th premolar. 
If this structure really has the significance which he ascribes to it, 
then I should suggest that he is probably dealing with one of 
those modified conditions seen in the later stages of Petrogale, 
in which the successional tooth has acquired a secondary con- 
nection with the tooth behind it ( p i t  4), as 1 think it unlikely 
that these two forms should possess such striking differences in 
the development of their teeth. 

Unfortunately the specimens of Didezphys which I have at  
present examined have been too old to show the earliest stage in 
the formation of this tooth. 

The fact that the succersional tooth does actually replace the 
4th premolar in these two forms is of course a strong argument 
in favour of the older view that these two teeth represent the 
milk aud permanent stages of the 4th premolar ; but still I think 
the facts of development as described above, which suggest that the 
older view is erroueous, cannot be ignored. Until, however, further 
proof is forthcoming as to the development of these teeth in the 
Polyprotodonts, it will not be wise to express too definite an 
opinion on the matter j but I nevertheless think the true explana- 
tion of the condition of these teeth in the Macropodide is that 
this so-called successional tooth is not a successional tooth at all, 
or at any rate to the 3rd and 4th premolar, but a tooth of the same 
series intermediate in position between the two. 

Assuming the belief in the disappearance of the first two pre- 
molars in the Macropodide to be the correct one, then we must be 
here dealing with an animal possessing five teeth of the so-called 
premolar series, the tooth which is generally regarded as the 
successor to the 4th being itself the true 4th premolar, and the 
so-called 4th premolar being in reality the 5th,  or else the 1st 
iuolar, which seems possible when we compare its form with that 
of the true molars. The presence of five premolars, considered in 
the light of the dentition of the higher Mammalia, may seem to 
be open to question. But should we not rather seek for an 
explanation of order and succession of the Marsupials’ teeth 
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amongst those most lowly animals the Mesozoic Mammalia, rather 
than amongst the highly modified Placentalia ? 

If we turn to the published accounts of these old mammals, we 
find that many of them possessed a large number of cheek-teeth, 
which were in some cases divisible into two series: thus, in 
Amiihilcstes, where there were 12 or 13, the anterior six can 
be separated from the posterior ones by their simplified structure. 
I n  many cases, however, no sharp liue can be drawn, as the 
anterior teeth become gradually more complicated as we pass 
backward. It is important to note that in the reduction in the 
number of these teeth which takes place in some (as in Phm- 
colotheritcm), it  is obvious that this has not occurred so much a t  the 
posterior end of the series, but rather that certain teeth in the 
middle have been either completely suppressed or retarded, thus 
reducing the number of teeth, especially in th6 premolar region. 

Supposing the cheek-teeth in the Marsupials all belong to the 
same set, either the 1st  or 2nd dentition, then the only difference 
between the molars and premolars comes to be one of form j and I 
see no reason why we should restrict the number of the latter to 
four, when in so many of these fossils and even amongst the 
living forms, viz. Myrmecobius (where no replacing tooth is 
known), we find that there may be 5 or 6 of the anterior cheek- 
teeth of simpler character than those behind. The so-called 
successor to the 4th premolar I regard as one of theee anterior 
teeth (possibly the 4th or the 6th) which has been retarded in its 
development, and, by the backward growth of the tooth in front 
and the forward growth of the tooth behind, has assumed a 
position underneath these teeth, and has consequently to displace 
one of them in order to reach the surface. Thomas has shown 
the presence of this tooth in Triconodoia tinder the 4th cheek- 
tooth, and has on this account restricted the number of the pre- 
molars to four in these early Marsupials j but this form possesees 
a dentition in which the number of teeth is already greatly 
reduced, only possessing 7 or 8 cheek-teeth, and consequently 
differing very little from the €east modified Marsupials such as 
Phascologale. There is, I believe, no evidence to show that this 
condition had been acquired by forms like Amphileates, with 
numerous cheek-teeth, unless what appears to be a retardation of 
t he  5th cheek-tooth in forms like Antphitylzcs and Dryolestes is 
to be interpreted in this light. This tooth, however, is regarded 
as the 1st molar in these forms. 

As I have already pointed out, the evidence adduced for the 
development of the premolars is not decisive enough to settle 
de6nitely to which dentition these teeth are to be referred, 
M. giganteus being the only one which shows anything like rudi- 
ments of a second set. If they belong, as Kiikenthal suggests, t o  
the 1st dentition, then I should be inclined to think that Baume’s 
(I) theory as t o  the formation of the permanent teeth was not so far 
wrong after all (of course I leave out of consideration the Cetacea, 
for which Kiikenthnl has dehitely proved the contrary). May 
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not this retardation of the 4th premolar as seen in the Macro- 
podida be the first step in t,he formation of the permanent set l, 
which may afterwards take on B secondary connection with the 
teeth of the 1st dentition? I n  Amphilestes there are 12 or 13 
cheek-teeth present, and no evidence of the 'presence of two 
sets of teeth. May not t'he five posterior ones represent the five 
mol:ws (Betto~zgicc), while the first 8 might be supposed to give rise 
to t,he 8 premolars (4 milk and 4 permanent), and by the retar- 
dation of each alternate one the condition in the Plncentalia might 
be brought about, the 2nd, 4th, 6th, and 8th being retarded and 
displaced to form a second or replacing set, whilst the lst ,  31-4, 
5th, and 7th develop early and are replaced by the former? These 
teeth, which were originally distinct, may have acquired a secon- 
dary connection with the hooth in front, as seems to  have been the 
case with the 3rd premolar of the Kangaroos and the one replac- 
ing tooth, this latter in those forms diRplacing both the 3rd and 
so-called 4th premolar. In others it, however, only displaces the 
so-called 4th premolar, owing to the latter having, t,hrough its 
enlargement, acquired a cdnnection with the replacing tooth, as 
in D i d e l p l y ;  or, owing t.0 the reduction in size of the 4th 
premolar, as in Peraineles and Th!,ibcinus, the supposed replacing 
tooth is able to cut the gum in its more normal position and 
displaces the reduced tooth behind. 

If t'hese various and often minute cord-like downgrowths of 
the dental lamina are to  be interpreted as representing rudi- 
inents of t,eeth, as seem8 probable from comparison wkh the 
known riidinients of the 1st or 2nd dentition in other mammals, 
then we find that in the Kangaroos the incisor teeth all belong to 
the 1st dentition, that the relations of the canine are uncertain, 
that the premolars probably belong to the 1st dentition, whereas 
the molars, or a t  any rate the lst ,  belong to the 2nd dentition. 

This last statement is a reversion to  older ideas as t,o the 
relat,ion of these teeth, held by all odontologists prior to the 
appearance of Kiikenthal's paper, wherein he formulated the t,heory 
that the molars belonged to  the 1st dentition. As I have already 
pointed out, he has retracted part of his statements on this point, 
and I have been unable to confirm his views as to the 1st molar 
iu Diddphys, while in the Macropodidae I have apparently found 
exactly the reverse condition'. 

I should suggest by way of explanation as to the. presence of 
the permanent molars in a dentitiou which was ot,herwise entirely 
coinposed of milk-teeth, that owing to the shortness of the jaws 
the molars were formed very late, and owing to the inabi1it.y to  
find room for two sets of what are nat'urally large teeth, the 1st or 
inilk dentition, as the least importaut, became suppressed, and is 
only seen as a slight rudiment attached to  the least modified molar, 

' For the present I leave out of consideration Leche's (6) account of the con- 
dition and homology of the molars of Erinacew, as I have not yet finished my 
observations on t,he molars of the Placentalia. 

Siniilar to the condition ~ e e n  in the Monitor amongst Reptiles. 
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viz. m. 1 .  One of the most important factors in the modifica- 
tions which we meet with in the Mammalian dentition is the 
shortening of the jaws, often acconipanied by an enlargement of 
some of the teeth, thus causing a reduction and finallg a suppres- 
sion o f  some of the series. These missing teeth can be Sometimes 
discovered through the study of Palaeontology, sometimes through 
the study of Abnormalities, but the surest method when possible 
is by the study of their development. 

The great variability of the anterior premolar of the living 
Placentalia and the insignificance of our knowledge concerning it, 
as to which dentition it is to be referred, alone show how futile 
are our attempts to homologize the dentitious of the leading 
orders of living Mammalia. And, reflecting upon the facts which 
I have herein recorded, I believe that our greatest desideratum at 
present is the further study of the development of the teeth of 
these animals, especially in its bearing upon the probable discovery 
and determination of vestigial teeth. 

My thanks are due to Prof. Howes for much valuable advice, 
and to Mr. Fletcher of Sydney, Dr. Symington, and Mr. Oldfield 
Thomas for gifts of much valuable material. 

1. 

2. 

3. 

4. 

5. 

6. 
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V.-EXPLANATIOX O F  PLATES XXXV.-XXXVII. 
I n  all cases the teeth represented are from the left side, and when shown in 

section are looked a t  from the front, so that the left of the Plate represents the 
inner side of the jaw. 
Fig. 1. Jaws of Pctro,gab (113 mm. long), clarified, and showing the tooth- 

gernie ia situ. i'-z?, the 6 upper incisors; +& the 3 lower incisors ; 
c, canine ; pin3, p4, pm,, pm,, the upper and lower 'premolars ; 
ml, m,, the 1st upper and lower molar; pms, the premaxillo-maxil- 
lary suture. 

2. Wax model of the enamel-organs of the 1st and 2nd upper incisors; 
lettering as abore. d.Z, dental lamina ; i", rudiment of successional 
tooth. 

3. Transverse section of the enamel-organs of thz 3rtl and 4th upper 
incisors of Petrogule. 

4. A wax niodel shswing the relation of the 4th tipper incisor ( i 4 )  to the 
5th (9) and 6th (9). 

5. Transverse section through the 5th (2') and 6th (i6)incisors of Macropits 
ezigenii. ie', rndimentary successional tooth. 

6. Transverse section through the upper 4th and 6th incisors (iL and i6) 
with the rudimentary successor to the latter (iG'). The vestigial 5th 
incisor (i5) is dotted in to show its relative position. M.glgaateus. 

7. Transverse section through the developing 1st incisor of M. giganteus. 
P, snccessional tooth. 

8. Transverse section through the enamel-organ of the 4th incisor and its 
rudimentary succes~or, i4'. N. giganfeus. 

9. Section taken parallel with the median plane of the head, but transverse 
to the dental lamina, passing through the 1st and 2nd lower incisore 
(il and i2). Pctrogale (95 cm.). 

10. Enlarged drawing of the 1st lower incisor (i,), showing its advanced 
calcification and it.s rudimentary successor i,'. 

11. Transverse section through the 2nd lower incisor of' M. giyanteus. 
i2', rudiment,ary successor. 

13. Sect,ion througli the dental lamina between the canine and 3rd premolar, 
showing a slight differentiation, possibly rapresenting one of the 
missing premolars. Petrogale. 

13. Ditto. M .  eugenii. 
14. Section in  front of the 3rd lower premolar, M. gignmleus, showing the 

15. Section through the enamel-organ of the 3rd premolar. 
16. Section showing tjhe earliest indication of the so-called 4th successional 

16b. Section through the same region as 1 6 a  in an older embryo. 11 cm. 
17. Section showing the character of the dental lamina between figs. 15 and 

18. Enamel-organ of the 4th premolar ; p possibly represents the last trace 

19. A drawiug of a wax model showihg the relation between p d  ancl pn~d 

20. Section through the enamel-organ of' the 3rd premolar of M.<qigashus. 
21. The dental lamina between pv? and pin4, already slightly swollen, the 

earliest appearance of the soccessioual tooth (ppnz). M. gigaatew. 
2'3. The enamel-organ of the 4th premolar. M. gigadem. 
23. Section through the 3rd premolar and the germ of the so-called 4th 

successional tooth (ppni).  M. ezcgelzii. 
34. Ditto, ditto. Bpyprymneu rttfeseens. Showing the relation of the 

hitherto supposed successo~ ( ppm) to the 4th premolar to pm, and 
pqn.4. 

25. a, 11. The developing germs of - of Petrogale. z', the milk-rudiments ; 
na" 1121 7% 

971, 

Petrogale. 

Petrognle (11 cm.). 

missing 2nd premolar. 
Petrogale. 

premolar (ppm) .  Pefrogulr (9.5 cm.). 

16 or 16 and 18. 

of a snccessional tooth. l'etrocjale. 

and the permanent premolar (ppnz). 

Petrogale. 

Petrogalr. 

?I11 

-,, the gernis of the functional and permanent teeth. 
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Fig. 26. The germ of the 1st upper molar of M. ,qgigmteus. m”, germ of 2nd 

27. Premolars, canine, and abnormal incisors of Perumeles ( i ,  and is 
fused). 

25. Section through the dental laminaof Perumeles between incisors 4 and 
5 of the upper jaw, showing enlargement supposed to represent the 
true 5th iucisor. 

29. Palatal aspect of the premaxilla of a young Petrogule xanthopus, 
showing the three adult incisors in relation to the jaw and the 
vestigial canine. 8, premaxillo-maxi1lary suture. 

dentition ; ml, rudiment of 1st. 

May 16,1893. 

OSBEET SALVIN, Esq., F.R.S., Vice-president, in the Chair. 

The Secretary exhibited on behalf of Mr. Rowland Ward, F.Z.S., 
a complete skin of Grdvy’s Zebra (Equus grevyi), from a specimen 
recently shot by Col. Arthur Paget in Somali-land. 

The following extracts froin a letter, from Professor E. C. 
Stirling, M.D., C.M.Z.S., to Professor Newton, dated “ Adelaide, 
April loth, 1893” I, were read :- 

“. . . . I am writing now to  give you early information of a great 
‘ find ’ of &protodon remains which I have recently been exploiting, 
and the results will clear up the remaining points oE doubt about 
this great beast. Some months ago I received information that 
large bones were visible in a watercourre in a large dry salt lagoon 
called Lake Mulligan, situated some 20 or 30 miles to the north 
of a still larger dry salt lagoon which you will find marked as 
Lake Frome on any good map of South Australia. The accounts 
were so favourable that I sent up a good man to inspect and report. 
His accounts were also favourable, and 1 induced our Museum 
people to institute a systematic search-and we sent up four inen 
with a complete outfit under the charge of a man who had some 
considerable experience of the kind of work. This party has been 
at work for nearly three months with very gratifying results from 
the reports I got. According to them there are hundreds of skele- 
tons available and accessible, and many of them have already been 
excavated. Several nearly complete skeletons have been exhumed, 
and all the bones of the body have been found . . . . It appears that 
the animal had five well-developed toes, the five terminal phalaiiges 
of which are almost equal in size. The carpal and metacarpal 
bones have also been found, though I am not specially informed 
whether the digits of the manus are also five in number. This, 
however, is implied from the enclosed sketch which I am able to  send 
you. 

“ There is a tail of 9 vertebrz, which in one instance was 1 foot 
N.B.-Professor Stirling’s t e l e p m  to Professor Newtou pnblished in ‘ The 

Times ’ o f  25th April and ‘Nature ’ of 27th April (vol. xlvii. p. 606) is of later 
date. 


